Introduction {#S0005}
============

Attention-deficit/hyperactivity disorder (ADHD) in children is a rising public health concern, which is characterized by inappropriate levels of inattention, impulsiveness, and hyperactivity \[[@CIT0001]\]. The ADHD worldwide-pooled prevalence has been estimated to be 5.29% (95% CI: 5.01--5.56) in an extensive review of the literature on the prevalence of ADHD in relevant articles from North America, South America, Europe, Africa, Asia, Oceania, and the Middle East \[[@CIT0002]\]. However variations in prevalence figures occur both within and between countries depending on a number of factors, including the diagnostic criteria used, age and gender of the population, socioeconomic status and urban living. One of the population-based epidemiological studies in Iran found that 15% of preschool children evaluated by their parents and teachers had ADHD symptoms \[[@CIT0003]\]. Another study revealed that the prevalence of ADHD in preschool-age children in North-East Iran was 12.3% (95%CI: 10.3--14.2%)\[[@CIT0004]\]. Children with ADHD, because of disruptive, noncompliant behavior in preschool-age are at-risk for expulsion from preschool settings, and will have less exposure to pre-academic instruction, socialization opportunities, and the structure of classrooms. These may limit the child\'s development in different contexts \[[@CIT0005]\]. Besides, children with ADHD symptoms are more likely to have sleep problems \[[@CIT0006]\].

Diagnosis requires evidence of development- tally-inappropriate hyperactive-impulsive or inattentive behaviors that lead to functional impairment by 7 years of age \[[@CIT0007]\]. Environmental stressors like immigration can cause some psychological problems like ADHD in children \[[@CIT0008]\]. Many ADHD symptoms are stable throughout adolescence, and they persist into adulthood and a significant component of diagnosis of ADHD during early childhood is parental complaint of children\'s behavior \[[@CIT0009], [@CIT0010]\]. One study in Chicago and Pittsburgh recruited preschool and primary school children in consecutive years and assessed attention-deficit/hyperactivity disorder annually over 8 years. It was found that the number of children who met criteria for ADHD declined over time, but not significantly \[[@CIT0011]\].

The aim of this study was to determine the prevalence of ADHD symptoms in Iranian preschool children based on evaluations by parents and teachers because a thorough understanding of epidemiologic features of ADHD symptoms in preschool children is important for prevention and management of the disorder.

Subjects and Methods {#S0006}
====================

Study design {#S20007}
------------

Questionnaire survey was performed to estimate prevalence of ADHD symptoms in Iranian preschool children. The survey, conducted in 2009, evaluated children for ADHD symptoms by school teachers and parents. The study protocol was approved by the Ethics Committee of Tehran University of Medical Sciences.

Study population {#S20008}
----------------

Children aged three to six attending kindergartens in Tehran City participated in the study. For the survey, 37 kindergartens were selected by multistage (stratified cluster random) sampling. We assumed a 95% confidence level and one percent margin of error considering the estimated prevalence in European countries, the result was 4% in a total of 2213 children with a design effect equal to 1.5. Of these, 1403 parents and teachers agreed to participate (participation rate 63%).

Outcome and explanatory variables {#S20009}
---------------------------------

A 19-item observer-rating questionnaire was generated to assess ADHD symptoms in children within the last 6 months. The questionnaire was based on preschool behavior \[[@CIT0012]\]. Reliability was established using a pilot study by collecting data from 30 subjects. Data collected from pilot test was analyzed using SPSS; the reliability coefficient (Cronbach's alpha) was measured 0.79 that was acceptable. The validity of the questionnaire was established by expert\'s opinion. The three possible responses to each item were ''rarely or none,'' ''sometimes,'' and ''always,'' coded as 1, 2 and 3 for the analysis. The score related to ADHD symptoms was calculated from 5 questions so the minimum and the maximum quantities for these could be between 5 and 15. We selected 50% of this value as cutoff point to determine if there are hyperactivity symptoms in a child. Children with a score of 10 or higher were classified as having significant ADHD symptoms, simply worded in the following texts as having ADHD symptoms. This questionnaire was used by both teachers and parents simultaneously to assess ADHD behavior of participating children. In addition, the gender, age, occupation and level of education of parents, history of smoking in mother during pregnancy, number of siblings, living with one or both parents and death of child relatives was recorded.

Statistical analyses {#S20010}
--------------------

The prevalence of ADHD symptoms was calculated for both parent and teacher assessments.

Statistical analysis was performed by complex sample survey analysis and chi-square test and t test were used for assessment of the relationship between the outcome and independent categorical and numeric variables, respectively. Multiple logistic regression analysis was used to test main effect and confounding effects (for a linear trend in the prevalence) across explanatory variables and to determine adjusted odds ratios. We used the SPSS statistical package (v16). *P*-values less than 0.05 were considered statistically significant.

Findings {#S0011}
========

The sample consisted totally of 1403 subjects. Of all examinees, 727 (52%) were boys and 459 (33%) were five years old. Distribution of examinees according to birth year, parents' education and some independent variables are depicted in [Table 1](#T0001){ref-type="table"}.

###### 

Frequency of independent variables in examinees

  Variables                                                           Subgroup         Number (%)
  ------------------------------------------------------------------- ---------------- ------------
  **Sex**                                                             female           674 (48.1)
  male                                                                727 (51.8)       
  **Age (years)**                                                     3                234 (16.7)
  4                                                                   355 (25.3)       
  5                                                                   459 (32.7)       
  6                                                                   253 (18.0)       
  **Mothers' education**                                              up to 12 years   109 (7.7)
  12 to 16                                                            1112 (79.3)      
  more than 16 years                                                  101 (7.2)        
  **Fathers' education**                                              up to 12 years   104 (7.4)
  12 to 16                                                            956 (68.2)       
  more than 16 years                                                  217 (15.4)       
  **First child**                                                                      870 (62.0)
  **Single child**                                                                     726 (51.8)
  **Ill child**                                                                        62 (4.4)
  **Single parent**                                                                    47 (3.3)
  **Age of mother (\<18 or\>35)[\*](#TF0001){ref-type="table-fn"}**                    160 (11.4)
  **Interest in aggressive tv program**                                                387 (27.6)

Up to 12 years: School, High school diploma; 12 to 16: BSc; more than 16 years: MSc or PhD

High risk pregnancy

Of 1403 children aged between 3 and 6, 362 \[25.8% (95%CI: 23.6--28.1%)\] according to their parent\'s evaluation and 239 \[17% (95%CI: 14.1--20.4%)\] according to their teacher\'s evaluation were classified as having ADHD symptoms. The prevalence of ADHD symptoms according to gender is shown in [Table 2](#T0002){ref-type="table"}. The overall and gender-specific prevalences in the parent evaluation were higher than those in the teacher\'s. The difference in prevalence of symptoms between boys and girls was statistically significant in both assessments (*P*\<0.001).

###### 

Prevalence of ADHD symptoms by explanatory variables according to parent and teacher assessment

                                                                              Parent evaluation   Teacher evaluation                                                               
  ------------------------------------------------------- ------------------- ------------------- -------------------- ------------------- ------------------- ------------------- ---------
  **Sex**                                                 male                32.4 (28.8--36.2)   2.16 (1.65--2.82)    \<0.001             23.2 (20--27)       2.67 (1.87--3.80)   \<0.001
  female                                                  18.1 (15.3--21.3)                                            10.2 (7.4--14)                                              
  **Interest[\*](#TF0002){ref-type="table-fn"}**          yes                 45.3 (41.3--49.3)   3.96 (3.31--4.76)    \<0.001             25.9 (21.1--31.4)   2.26 (1.72--2.98)   \<0.001
  no                                                      17.2 (15.4--19.2)                                            13.4 (11--16.1)                                             
  **Rank** [†](#TF0003){ref-type="table-fn"}              first               29.1 (25.7--32.8)   1.74 (1.34--2.27)    \<0.001             19.9 (16.5--23.8)   1.81 (1.24--2.66)   0.004
  others                                                  19.1 (16.5--22)                                              12.0 (8.9--16)                                              
  **Age of mother**                                       18--35              26.6 (23.9--29.5)   1.65 (1.03--2.66)    0.04                                                        NS
  \<18,\>35                                               17.9 (12.6--25)                                                                                                          
  **Single parent**                                       yes                 41.5 (30.6--53.4)   2.13 (1.33--3.42)    0.003               26.9 (16.7--40.3)   1.86 (1--3.44)      0.04
  No                                                      25.0 (22.6--27.5)                                            16.5 (13.8--19.5)                                           
  **Chronic disease** [‡](#TF0004){ref-type="table-fn"}   yes                 36.3 (25.5--48.7)   1.70 (1.05--2.76)    0.03                                                        NS
  No                                                      25.1 (22.8--27.5)                                                                                                        
  **Education of mother**                                 \<univ.             43.2 (33.4--53.4)   2.38 (1.44--3.95)    0.002               21.2 (17.4--25.5)   1.71 (1.18--2.48)   0.007
  other                                                   24.1 (21.5--26.9)                                            13.5 (10.1--17.9)                                           
  **Education of father**                                 ≤BSc                27.2 (24.5--30.2)   1.73 (1.27--2.36)    0.001               22.1 (17.9--26.9)   1.90 (1.27--2.83)   0.003
  other                                                   17.7 (14--22.2)                                              13.0 (9.6--17.3)                                            

Interest for aggressive TV programs in child

child rank among siblings

existence of chronic disease in one of the family

ADHD: Attention-deficit/hyperactivity disorder; CI: Confidence Interval; NS: Not significant

Parental education level, interest to aggressive television programs, age of mother during pregnancy, existence of chronic disease in a relative of the child, child rank and single parenting were related with ADHD symptoms by parent report (*P*\<0.05)([Table 2](#T0002){ref-type="table"}). There were no significant differences found for number of siblings, history of smoking in mother, death of one of relatives, parent\'s occupation and existence of physical illness in child on prevalence of ADHD symptoms.

Results from the multiple logistic regression analysis indicated that child rank among siblings, mother education level, and interest to aggressive television programs were all independent explanatory variables according to parent evaluation and gender, parent\'s level of education, child rank, single parent and interest to aggressive television programs were all independent explanatory variables according to teacher evaluation ([Table 3](#T0003){ref-type="table"}).

###### 

Predictors of ADHD-related behavior: Multivariate Logic Model

  Parameter                                            Parent evaluation   Teacher evaluation         
  ---------------------------------------------------- ------------------- -------------------- ----- ----------
  **Father**'**s education (\<BSc)**                   NS                  ---                  1.7   1.1--2.4
  **Mother**'**s education (\<high school diploma)**   2.9                 1.7--4.8             2.3   1.3--3.8
  **Child rank (first)**                               1.8                 1.3--2.6             1.7   1.1--2.6
  **Sex (male)**                                       NS                  ---                  2.2   1.5--3.4
  **Single parent**                                    NS                  ---                  2.0   1.0--3.8
  **Interest to aggressive TV programs**               3.5                 2.6--4.7             1.5   1.1--2.0

ADHD: Attention-deficit/hyperactivity disorder; CI: Confidence Interval

Discussion {#S0012}
==========

The results of our study suggest that the prevalence of ADHD symptoms is high in preschool-aged children. Based on a systematic review conducted around the world the ADHD/HD worldwide-pooled prevalence was 5.29%. Although this estimate was associated with significant variability depending on the diagnostic criteria, source of information, requirement of impairment for diagnosis, and geographic origin of the studies, but since questionnaire used in our study was primarily a screening device, it seems that what eventually will be compared is the percentage of children at risk whose diagnosis shall be confirmed by a psychiatrist interview \[[@CIT0002]\]. In two different places of Iran, North-East and some parts of Tehran the prevalence of hyperactivity and attention and concentration deficit was estimated to be 12.3% and 11% respectively\[[@CIT0003], [@CIT0004]\]. The perceived difference in our results can be related to different tools we used in the research.

We found a marked difference in the prevalence of ADHD symptoms when the evaluation was performed by parents compared to teachers. Theprevalence was consistently higher in the parent evaluation. This finding is consistent with some researches, for example a study on Japanese school children in which the mean scores for the Child Behavior Checklist (assesses behavioral and emotional problems) were higher in parents evaluation than that of teachers \[[@CIT0013]\]. In another study the prevalence of ADHD symptoms was 31.1% in the parent survey and 4.3% in the teacher survey, with a prevalence ratio of 7.2 \[[@CIT0001]\]. One explanation for this discrepancy is that parents may evaluate their children\'s behavior more strictly. Another explanation may be that, their diagnosis of an abnormal child\'s behavior is difficult, thus resulting in more false positives in the parent assessment. Finally, it seems that children behave more freely at home than in school, which may lead observers to conclude children are more symptomatic of ADHD.

While some studies have shown that the prevalence of ADHD can be affected by the observer, Pierrehumbert et al reported no difference in the prevalence of ADHD symptoms in school-aged Swiss children between parent (8.0%) and teacher (9.6%) evaluations \[[@CIT0014]\]. Ersan et al found no significant difference in ADHD symptoms of school-aged Turkish children, using DSM-IV criteria, based on parent (9.6%) and teacher (7.3%) evaluations \[[@CIT0015]\].

Even in a meta-analysis of epidemiological studies on ADHD published in the last decade the prevalence of ADHD symptoms was evaluated by parents in 24 studies and by teachers in 10 studies, with a median prevalence of 5.3 and 10.3%, respectively \[[@CIT0016]\]. Thus, our findings are not consistent with these studies that can be affected by cultural differences and age groups in our study that were young (preschool children). Timimi and Taylor in their paper named "ADHD is best understood as a cultural construct" mention that considering interaction between the child and the expectations of the adult is very important in making a decision about diagnosis than just accepting a rating from a parent or teacher \[[@CIT0017]\].

Our data suggest that teachers and parents reported younger children to have higher scores on Problem Behaviors but the differences between age groups were not statistically significant in both assessments. Kanbayashi et al reported that the prevalence of ADHD symptoms in boys and girls, based on evaluation by parents using DSM-III-R criteria, were 12.6 and 10.1% in preschool children (4--6 years old) respectively \[[@CIT0018]\]. Furthermore, they suggested that the gender difference in prevalence from the parent evaluation was small, which is in discordance with our findings. We found a significant difference in prevalence of ADHD symptoms in boys and girls.

The results from our study indicate that children living in a single parent home were more symptomatic based on evaluation by teachers. One explanation may be that being single parent has a negative effect in teacher perception of child\'s behavior. Also there is the possibility that in such families there is a lack of adequate emotional support that leads to behavior abnormalities in children.

We found that low level of parental education is a predictor variable for ADHD symptoms. In other studies authors see education as a predictor of divorce in the family of probands\[[@CIT0019]\]. A study in a Colombian community indicated that higher prevalence of attention deficit disorder was found in low socioeconomic strata that can be in accordance with our results because of relation between level of education and socioeconomic status in our population \[[@CIT0020]\]. Another study reported that parents of preschool children with ADHD, rated themselves as less competent parents, and as experiencing a restricted parenting role \[[@CIT0021]\].

*Limitations:* Another key limitation of this work was the use of special study population, i.e., kindergarten\'s children.

There were some constraints in the process of data collection. We had a rather large number of families and teachers did not wish to participate in the project. As a result, generalization of our data may be limited and may not be reflective of the broader preschool population.

*Further studies:* Further studies should be conducted to generalize our results to the entire population of preschool children, but it will be more difficult and need more support to perform because that voluntary program participation leads to low response rate. Perhaps to ensure parents of the existence of advisory services for children at risk will be useful in attracting their participation.

Conclusion {#S0013}
==========

Our findings suggest a large discrepancy in the prevalence of ADHD symptoms in preschool children based on evaluation by parents or teachers. Thus, it seems that the diagnosis of ADHD symptoms only by using parents may be inappropriate for ADHD screening, and it should be performed in multiple settings.
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